Although Neisseria gonorrhoeae has been recognized as the cause of gonorrhea for nearly a century, little is known of the specific components of gonococci that enable them to interact with human tissues and to evade the host's antibacterial defenses. The virulence of gonococci is associated with specific colonial morphology on suitable medium and under standard growth conditions (9) . The genetically determined colonial types are designated as types 1 (9) . Other properties also vary among the colonial types, e.g., autoagglutinability (9) and competence for transformation (14) . Of particular interest in regard to virulence is evidence (16) that the virulent colonial types are more resistant than the avirulent types to phagocytosis by polymorphonuclear leukocytes (PMN). Because both virulent and avirulent gonococci are killed within leukocytes (16, 18, 19) , these observations suggest that virulence is related to an antiphagocytic component(s) of the bacteria. Furthermore, the resistance to phagocytosis is independent of leukotoxic and metabolic activity of the bacteria (16) , thus suggesting that a structural component(s) is responsible. A striking structural difference between the virulent and the avirulent colonial types of gonococci is the presence on the former, i.e., colonial types 1 and 2, of surface appendages with the appearance of pili and their absence on the latter, i.e., colonial types 3 and 4 (8, 15) . The present studies were conducted to evaluate the role of pili in the resistance of the virulent colonial types of gonococci to phagocytosis by PMN. Furthermore, because pili of other bacteria are involved in "stickiness" (1) (2) (3) (4) 17) , the role of pili in promoting adhesion of the virulent colonial types of gonococci to human epithelial cells and to erythrocytes was examined.
MATERIALS AND After growth, gonococci were collected as described before (16) . Briefly, the growth on plates on which the desired colonial type predominated (>99% of the total colonies) was disaggregated with a glass rod and washed from the surface with warm (37 C) LGCBS. After agitation for 3 min on a Vortex mixer (Scientific Industries, Inc., Springfield, Mass.), the bacteria were concentrated by centrifugation at 1,400 x g at 26 C for 20 min and resuspended in LGCBS or 0.85% NaCl (saline). Viability usually exceeded 90%. Suspensions were discarded if significant clumping occurred.
Gonococci were enumerated by direct microscope count with a Petroff-Hausser chamber (C. A. Hausser and Son, Philadelphia, Pa.).
Gonococcal suspensions of about 108 cells per ml were blended (1) at 4 C for 2 min at top speed in an Omnimixer (Ivan Sorvall, Inc., Norwalk, Conn.). After blending, the bacteria were collected by centrifugation as above.
Gonococci were incubated at 37 C for 30 min in trypsin (1,000 ug/ml) dissolved in saline. The bacteria were washed twice with saline, collected by centrifugation at 1,400 x g at 26 C for 20 min, and suspended in medium.
For experiments involving incubation after modification, the blended or trypsinized bacteria were resuspended in LGCBS or in LGCBS containing a drug, incubated in a candle jar at 36 C for 90 min, and collected by centrifugation as above.
Gonococci suspended in saline were disrupted in a sonic oscillator (Raytheon Co., Waltham, Mass.) at 10 kc at 0 C for 5 min.
Pili. Pili were isolated and purified by an adaptation of Brinton's procedure (1 (Fig.   1 ).
Immunodiffusion. Immunodiffusion (12) was carried out in 1% special Noble agar (Difco) in saline. After the precipitin bands had developed fully and been examined, the gel was stained to seek additional bands. The gel was washed, first with saline and then with water, and allowed to dry. Precipitin bands were stained with 0.6% amido schwartz 10B (E. Merck AG, Darmstadt, Germany) in methanol-acetic acid-water (45:10:45).
IFAT. Acetone-fixed smears of gonococci or of' mammalian cells were incubated with a 1: 10 dilution of test rabbit antiserum (or preimmunization control serum) at 37 C for 30 min, washed with phosphatebuffered saline (pH 7.2) for 10 min, and reacted at 37 C for 30 Absorption of sera. Bacteria were suspended in saline to a concentration of 1010 cells/ml, and pili were used in a concentration of 0.95 mg of protein/ml. A volume equal to that of the serum to be absorbed was centrifuged at 1,400 x g for 30 min at 4 C for bacteria and 2,000 x g for 30 min at 4 C for pili. The supernatant fluid was discarded, and a 1:2 dilution of serum in saline was mixed with the bacteria or the pili and incubated, first at 37 C for 30 min and then at 4 C for 16 h. The serum was harvested after centrifugation as above. The absorbed sera were negative for bacteria on smear and for residual pili on testing by immunodiffusion against unabsorbed rabbit antipilus serum.
Electron microscopy. Gonococci or purified pili suspended in saline were mixed with an equal volume of 1% sodium phosphotungstate, pH 6.8. The mixture was placed on collodion-coated grids, allowed to dry, and examined in a Hitachi S-8 electron microscope. Sukhum Bunyaratvej, Department of Pathology, Ramathibodi Faculty of Medicine, Mahidol University, expertly advised on and assisted with the electron microscopy.
Phagocytosis. PMN-rich leukocytes were collected in modified Hanks solution (10) sealed with plastic film, incubated at 37 C for 20 min and then at 4 C for 16 h, and examined for agglutination. To determine the effect of trypsin (1,000 ug/ml) and of neuraminidase (10%) treatment of erythrocytes on hemagglutination by type 1 gonococci, the erythrocytes were reacted with enzyme at 37 C for 30 min, recovered by centrifugation at 230 x g at 4 C for 10 min, and used in the HA test. The test for inhibition of HA by sugars was as in the HA procedure except 10% sugar solution was used as diluent.
HAI. The test for HA inhibition by antibody (HAI) was as the HA procedure except (i) twofold dilutions of serum in saline replaced the saline and (ii) the serum and type 1 gonococci were incubated at 37 C for 20 min before addition of erythrocytes. The HAI titer was the greatest dilution that completely inhibited HA compared to a parallel control using normal or preimmune serum.
Hemadsorption. Colonial growth on GCBS was flooded with 3% rabbit erythrocytes in saline (above). After 15 min at 37 C, the surface of the medium was gently washed with saline. The colonies were examined with a microscope for adherence of erythrocytes.
Adherence to epithelial cells and PMN. Epithelial cells were scraped (7) (Fig. 2a) . The appendages resembled pili of other bacteria and were similar in appearance to those described before (15) on whole gonococci of colonial types 1 and 2. Type 1 gonococci that were blended had no discernible pili (Fig. 2d) and resembled type 4 organisms (Fig. 2c) . Trypsintreated type 1 gonococci (not shown) were similar in appearance to the blended bacteria. Incubation of mechanically depiliated type 1 gonococci in LGCBS for 90 min resulted in reformation of pili (Fig. 2f ). An inhibitor of protein synthesis at the translational level, i.e., 5 ,ug of chloramphenicol per ml, blocked discernible regeneration of pili by depiliated type 1 gonococci (Fig. 2f) . Figure 2b is an electron photomicrograph of pili that were isolated from type 1 gonococci. Interactions of cultured and of experimentally modified gonococci and of gonococcal pili with mammalian cells. As reported before (16), type 1 gonococci were significantly more resistant than type 4 organisms to phagocytosis by PMN (Fig. 3) . Both mechanical and enzymatic depiliation of the type 1 gonococci significantly reduced their resistance to phagocytosis (Fig. 3) . Incubation of depiliated type 1 bacteria in conditions that permitted regeneration of pili (above) was associated with an increase in resistance to phagocytosis; the cells regained antiphagocytic activity equal to that of freshly grown type 1 gonococci (Fig. 3) . Addition of inhibitors of protein synthesis at both the translational level, i.e., chloramphenicol (5 ,ug/ml), and the transcriptional level, i.e., actinomycin D (1 ,ug/ml) and mitomycin C (10 ,ug/ml), during incubation significantly (P < 0.05) inhibited the restoration of the antiphagocytic activity of mechanically depiliated type 1 gonococci (Fig. 3) . Inhibition of deoxyribonucleic acid replication by nalidixic acid (2.5 ,ug/ml) during incubation of depiliated cells did not, however, inhibit the reacquisition of the antiphagocytic activity; after incubation with this compound, mechanically depiliated gonococci were as resistant to phagocytosis as freshly grown type 1 bacteria (Fig. 3) .
Although rabbit PMN were used routinely for determination of the resistance of gonococci to phagocytosis, the results were typical of those with human PMN, e.g., in a representative experiment with human PMN, the phagocytic results were 10% with type 1 gonococci, 49% with type 4 gonococci, 33% with blended type 1 gonococci, and 10% with blended type I bacteria that had reformed pili.
Together these results suggested that a protein component(s) is a major determinant of the antiphagocytic properties of the virulent colonial type 1 gonococci. Furthermore, in experimentally modified gonococci the appearance and disappearance of the component(s) corresponded to the presence of pili. Because depiliation of type 1 gonococci failed to eliminate completely the antiphagocytic activity (i.e., the depiliated type 1 bacteria were somewhat more resistant to phagocytosis than the avi colonial type 4 bacteria [ Fig. 3] ), the t gonococci may have an additional phagocytic determinant(s) that resists t and shearing force.
Other reactions with mammalian cell, similar to resistance to phagocytosis in dependence on a protein component(s) a their correlation with the presence or absE pili. Piliated type 1 gonococci, but neithe 4 nor depiliated type 1 gonococci, agglut rabbit erythrocytes (Fig. 3 and 4a) . TI resulted from multiple attachment of gon to erythrocytes with formation of aggr (Fig. 4b) .
Neither the 11 Pr gonococci was also manifested by hemadsorption on colonies (Fig. 4c) . Type 4 colonies did not hemadsorb (Fig. 4d) .
The reformation of pili on depiliated type 1 gonococci was associated with restoration of HA -and EA activity of the bacteria (Fig. 3) .
Whereas 5 min of incubation resulted in immunological evidence of reformation of pili (above), HA activity was not restored until 15 min of incubation.
Piliated type 1 gonococci, but not type 4 and mechanically depiliated type 1 gonococci, adhered (i) to buccal epithelial cells (Fig. 3 and 5 ) and (ii) to both rabbit and human PMN in conditions in which phagocytosis was blocked itively-by sodium fluoride. produced by whole type 1 bacteria (Fig. 4a) . Adherence of purified pili to buccal epithelial cells was demonstrated by IFAT with rabbit antipilus serum (Fig. 5D) . Detection of adherence of purified pili to PMN was complicated technically by the autofluorescence of the PMN. Because the autofluorescence was of a blue color, it could be differentiated from the apple-green fluorescence of the labeled antibody. By this means, attachment of purified pili to human and to rabbit PMN was detected by IFAT with rabbit antipilus serum.
The attachment of pili to PMN did not inhibit the phagocytic activity of rabbit PMN. After incubation of leukocytes with purified pili (108 PMN per 0.475 mg of protein), the PMN were equal to freshly obtained PMN in their ability to phagocytose nonpiliated type 4 gonococci (38 and 40% phagocytosis, respectively).
Antigenicity of cultured and of experimentally modified gonococci and of gonococcal pili. Antisera raised in rabbits were tested for opsonization of and, as possible, for HAI and EAI against homologous and other gonococci (Table 1) . Piliated gonococci and pili isolated from type 1 gonococci induced antibody that (i) inhibited both HA and EA by piliated gonococci, and (ii) opsonized the inducing organisms and the other piliated gonococci. Absorption studies were confirmatory. Whereas piliated forms and isolated pili adsorbed HAI, EAI, and opsonic activity from antiserum to type 1 gonococci, absorption with nonpiliated and depiliated organisms did not significantly affect the antibody activities ( Table 2 ). The results of absorption of antiserum to purified pili from type 1 gonococci were similar (Table 3) .
Together, these results further suggested that pili were responsible for the adherence that was directed against pili reversed these activities.
DISCUSSION
To invade mucosal surfaces and tissues successfully, a bacterium must both adhere to the surface and evade the host's defenses in the tissues. Virulent colonial types of gonococci do both. An important structural difference between the colonial types that are unsuccessful invaders and virulent cells is the pili of the virulent colonial types (8, 15) . The present results indicate that the pili provide virulent gonococci with a means both of attaching to human epithelium and of evading the phagocytic defenses of the host. For the latter activity, the pili confer resistance to phagocytosis; both piliated and nonpiliated gonococci are killed within leukocytes (16, 18, 19) . Although 1 gonococci stimulated rabbits to form antibody that (i) precipitated purified pili in immunodiffusion, (ii) reacted with piliated gonococci in the IFAT, (iii) inhibited the adherence of piliated gonococci to both erythrocytes and epithelial cells, and (iv) opsonized piliated gonococci. These observations raise the possibility of using an antigen that seems to be directly associated with the virulence of gonococci in serological testing for evidence of gonococcal infection. Furthermore, the present observations identify an antigen (i.e., pili) that seems associated with virulence and, thus, of greater importance to the analysis of the immune response of the host to gonococci than incompletely defined antigens of uncertain function. The data also suggest two ways that the immune response might help to protect man from gonococci. (i) Antibodies directed against pili can inhibit attachment of the bacteria to mucosal cells and, hence, reduce the likelihood of successful tissue invasion (21) .
(ii) Antipilus antibodies of the appropriate immunoglobulin classes can opsonize gonococci on the mucosa or in the tissues and, thereby, promote their ingestion and destruction by phagocytes. That man does not readily become immune to gonococcal infection suggests that either the site of infection in nature is immunologically (afferent or efferent arcs or both) isolated or that virulent gonococci possess additional virulence determinants that require other host defense mechanisms for immunity.
